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Introduction

Current gravitational-wave detectors are
limited by coating thermal noise in the mid-
range of the detection spectrum, and by
quantum noise at high frequencies. Chang-
ing the laser wavelength from 1064 nm to
around 2p1m would allow the usage of sili-
con test masses and coatings with reduced
thermal noise. All current detectors use
squeezed light to reduce quantum noise |1,
2, 3|, which then needs to be shifted to the
new wavelength as well. Here, we report
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Left: Zero-span noise measurement at a

sideband frequency of 2 MHz. We achieved
a squeezed noise reduction of (7.2 4 0.2) dB
below the vacuum noise, accompanied with
an anti-squeezed noise in the orthogonal
quadrature of (15.6 £0.2)dB. The noise
arches were obtained by scanning the BHD
readout angle ©.

Right: Spectrum of the generated squeezed
light in the regime 0.6 MHz to 10 MHz, fit-
ted with the following equations |6].

The squeezed Xl and
)22 light-field quadratures are repre-
sented by AZX{?Q = AZXLZ cos® © +
A2X271 sin® ©, with the measured quadra-
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the detection of (7.2 4+ 0.2) dB squeezing at
2128 nm. Different from the previous ap-
proach [5], no second harmonic generation
is required because the pump light was pro-
duces directly by a nonplanar ring oscilla-
tor (NPRO) at 1064nm. Instead, ultra-
stable bright light at 2128 nm was produced
by a home-built degenerate optical oscilla-
tor (DOPO) with an external conversion ef-
ficiency of greater 88 % [4].

+ vacuum noise
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ture variances AZX{?}Q and Gaussian-
distributed phase noise with an rms value
of ©. The quadrature variances them-
selves can be described by AQXLQ = 1F
77 4 P/J;thr

(1v/P/Po) +4(2/7)2

corresponds to X; and the lower sign to

. where the upper sign

X,. The variance of the vacuum ground
state has been normalized to 1. P is the
pump power and the threshold power is
given by P, = 20mW. 7 is the overall
detection efliciency and our squeezed-light
cavity has a linewidth of v = 27 x 64 MHz.
The measured sideband frequency is ) =
21 x 2 MHz.
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Experimental Setup
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Phase Noise

To estimate our phase noise level, we mea-
sured squeezing and anti-squeezing for dif-
ferent pump powers. The data points were
taken by using the maximum and minimum
of a scan of the readout angle. The influ-
ence of the phase noise is not visible up to a
pump power of about 70 % of the threshold
power and we get an estimated upper limit
of about 7mrad.

Analysis of Losses
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Table: Overview of optical efficiencies

Source Efficiency (%)
Resonator escape efliciency 98 + 1
Propagation efficiency > 99
BHD ViSibﬂity (98 = 1) % 96 + 2
Photodiode quantum efficiency 924+ 3
Total value as product of estimated efliciencies 85+ 4
Total value from squeeze and anti-squeeze values 83.9 + 0.5

The beam overlap (visibility) between the
local oscillator and squeezed beam at the
balanced-homodyne detector contributes
quadratically, and therefore has a high im-

Outlook

The concept of doubling the wavelength of
the existing ultra-stable light at 1064 nm
makes the 2128 nm wavelength a promising
candidate for next-generation gravitational-

pact. The losses are dominated by quan-
tum efficiency of the available photodiodes

(Thorlabs FD05D, with windows removed).

wave detectors like Einstein Telescope and
Voyager, if high quantum efhiciency photo
diodes with low dark noise will become
available for that wavelength.

1.0

Contact Information

jgurs@physik.uni-hamburg.de
cdarsowt@physik.uni-hamburg.de

Acknowledgements

Funded by the Deutsche Forschungsmeinschaftt
(DFG, German Research Foundation) — 388405737

We acknowledge financial support by the BMBF,
grant no. 05A20GUH

The LIGO Scientific Collaboration. “A Gravitational Wave
Observatory Operating beyond the Quantum Shot-Noise
Limit”. In: Nature Physics 7.12 (Dec. 2011), pp. 962-965.

M. Tse et al. “Quantum-Enhanced Advanced LIGO Detectors
in the Era of Gravitational-Wave Astronomy”. In: Physical
Review Letters 123.23 (Dec. 2019), p. 231107.

F. Acernese et al. “Increasing the Astrophysical Reach of the
Advanced Virgo Detector via the Application of Squeezed
Vacuum States of Light”. In: Physical Review Letters 123.23
(Dec. 2019), p. 231108,

4]

5]

6]

Christian Darsow-Fromm et al. “Highly Efficient Generation
of Coherent Light at 2128 nm via Degenerate
Optical-Parametric Oscillation”. In: Optics Letters 45.22
(Nov. 2020), pp. 6194-6197.

Georgia L. Mansell et al. “Observation of Squeezed Light in
the 2 ym Region”. In: Physical Review Letters 120.20 (May
2018).

Yuishi Takeno et al. “Observation of -9 dB quadrature
squeezing with improvement of phase stability in homodyne
measurement”. In: Optics Express 15.7 (Apr. 2007), p. 4321.


mailto:jgurs@physik.uni-hamburg.de
mailto:cdarsowf@physik.uni-hamburg.de

	References

